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PHYSICAL AND EXPLOSION CHARACTERISTICS OF HYDRAZINE NITRATE 

by 

Horry K. James,' Yaei Miron,2 ond Henry E. Perleej 

A 

I 

A3STRACT 

Experimental s tud ie s  of the phjjsical and explosion c h a r a c t e r i s t i c s  of 
pure hydrazine n i t r a t e  and mlticomponen' systems containing hydrazine n i t r a t e ,  
supp lesn ted  with an extensive Li te ra ture  survey, a r e  presented. 
ties a s  melting point ,  h e a t  o t  fusion, densi ty ,  v i scos i ty ,  surface tension, 
therinal s t a b i l i t y ,  dec rpos i t ion  process, detonation v z l o c i t ) ,  impact sensi- 
t i v i t y ,  and TNT equivalence are i-xluded. 

Such proper- 

INTXODUCTION 

Hydrazine Ki t r a t e  (HN) hss been of considerable i n t e r e s t  i r t  explosives 
research s ince Curtius and Jay (6)4 f i r s t  prepared it  i n  1889, 
has been primarily due to the  fact t h a t ,  having no carbon atoms, HN is a 
smokeless explosiwe. Kore recent ly ,  HN has become of i n t e r e s t  i n  space 
propulsion s tudies .  I n  cooperation with the National Acranautics and Space 
Administration (NASA) Manned Spacecraft  Center, the Bureau of Mines has 
compiled the avai lab le  information un the physical and explosion character-  
ist ics o f  Hh' and multicomponent systems containing HN. 

This i n t e r e s t  

HN e x i s t s  i n  two c r y s t a l l i n e  form, a and 8. The B form is  unstable,  
and except for  the melting point ,  l i t t l e  is known about it. The ds t a  pre- 
s en ted  i n  t h i s  paper, therefore ,  concern only t h e  a form. ?his report 
describes only new apparatus and techniques. Where appropriate the work of 
other  inves t iga tors  is discussed and compared with the  results obtained in 
Bureau research. The appendix of t h i s  paper p r e s e n t s ,  in t ab les  and i l l u s -  
t r a t i o n s ,  B susmnary of physical propert ies  of HN which w2re determined by 
other  im-est igators  . 
'Formerly phys ic i s t ,  Special  Research, Safety Research Center,  Bureau of 

2Chemical research engsneer, Special  Research, Safety Research C e n t e r ,  

3Resetlrch chemist, Special  Research, Safety 1215settrcl.r ct! .ter, Burea.1 of 

4Underlined numbers i n  parentheses r e f e r  tc items in the list of references 

Mines , Pittsburgh, Pa.; now with Texas Instruments,  Inc. ,  Dallas,  Ttx. 

Bureau of Mines, Pittsburgh, Pa. 

Mines,  Pit tsburgh, Pa . 
oreceding the appendix. 

t 

i 

I 

i 1. 
i 



2 

PREPARATION OF PURE HYDRAZINE NITRATS (a) 
The HN used i n  the Bureau experiments was prepared ia the following 

manner. 
in methanol (reagent grade, 99.9-percent pur i ty)  and cooled t o  about -20' C. 
Nitric acid (A.C.S. grade, 70-percent p u r i t y ) ,  also a t  -20" C, was then added 
i n  drops to  the hydrazine-mthanol so iu t ion  while the  temperature was care- 
f u l l y  maintained below r)' C. The addi t ion of ac id  was continued u n t i l  a pH 
of 5.5 was reached. 
vas f i l t e r e d  of f  and melted in  boi l ing methanol and r ec rys t a l l i zed  This 
r ec rys t a l l i za t ion  s t e p  w a s  repeated twice. 
remove6 in vacuum, and the f h a l  s a l t  was drfed and s tored  i n  a vacuum desic- 
c a t o r  Over phosphorus pentoxide. Chemical ana lys i s  of the prepared c r y s t a l s  
by the n i t ron  n i t r a t e  p rec ip i t a t ion  technique (12) - indicated t h a t  the puri ty  
a f  th,: was grea ter  than 99.0 percent. 

Comraercial anhydrous hydrazine (97.5-percent pur i ty)  was dissolved 

The white HN prec ip i ta ted  during the addft!on process 

The las t  trace of methanol was 

PHYSICAL PROPERIIB OF HN 

Crys ta l l i ne  Forms and Their Melting Points 

HN e x i s t s  i n  two c r y s t a l l i n e  forms, a and 8 ;  the  s t a b l e  u form ( c r y s t a l  
densi ty ,  1.661 g/cm3)melts a t  approximately 70° C ( t a b l e  A-1) with no appar- 
e n t  decomposition or sublimation, The unstable 8 form melts a t  62O C. 

Heat of Conversion of the  8 Form t o  the a Form 

Robinson and McCrone (24)  found that a m e l t  of HN SupeFCOOlS  r ead i ly  and 
usual ly  crystallizes as t h e y s t a b l e  B fonn. 
exh ib i t s  monotropism; t h a t  is, the  fl form always corrvezs to  the a form with 
the w o l u t i c n  of heat . 
the  Bureau obtained a value of 2.0 kcal/wle for the heat  of conversion of 
the  B t o  the  a form. 
structure of  the u form haw been found from -70" C t o  fts melting potnt.  

Saamer ( 2 9 )  noted t h a t  EIN 

Using d i f f e r e n t i a l  scanning c a l o r i m t r y  techniques, 

No addi t iona l  thermal phase changes in the  crystalline 

I i ( l 1 l I I  I 1  T - . l  ' I ' I ' I 

FIGIXE 1. - Infrored Absorption Spectra fdr HN. 
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Infrared and X-ray Spectra 

. r r  i d e n t i f i c a t i o n  purposes the Infrared absorption and X-ray d f f f r a c t i o a  
These ere shown in f igure  1 and tab le  1, spectr 

respect: ively . were obtained by the  Bureau. 

TABLE 1. - X-ray diEfract ion spec t ra  fo r  HN - 

20.6 . . . . . . . . . . . . . .  
80.2......... ..... 
27.2.............. 

109.0.............. 
17.8.. ............ 
59 5 
33.2.............. 
9.2.............. 

tl 

D, 
A 

3.98 

3*25 
2.89 
2.69 
2.40 
2.34 

4.42 

3.59 

2.24 
tered- tu  1- 

23o9o.*..ooo..o..rn 
I/& = r a t i o  of scai 
D = wavelength of t he  sca t t e red  l i n e ,  

A 
2.10 
2.65 
1.91 
1.87 
1.68 
1.52 
1.42 
1.39 

1.37. ............. I - 1.37 
incident  beam in tens2t ies .  

Weight-Loss a t e  

Experiments were performed by the  Bureail t o  measure the  rate of loss of 
molten HN due t o  t he  combined e f f e c t s  of  d i s soc ia t ion  and decomposition by 
d i f f e r e n t i a l  gravimetric techniques using 20-rng samples having surface areas 
of 0.20 cm'. 
amounted t o  about 3 weight-percent per .minute; at  200" C the  rate was 4x10"' 
weight-percent per minute, and a t  150" C it was 6X10°2 weight-percent per 
minute. Because below 250" C mnre than 99 percent of the  i n i t i a l  quant i ty  of 
HN vas recovered, the weight loss of RN is a t t r i b u t a b l e  e n t i r e l y  t o  a dfsso- 
c i a t i o n  process. Wdard (19), i n  similar work, d e t e r d e e d  the  w i g h t  loss of 
anhydrous €Dl during i n t e z t e n t  heat ing t o  110" C f o r  315 hours and found 
that it was l inea r ly  dependent with time, or about 8x10-" weight-percent per 
minute. 
noticeable by s t a n d a z  vacuann s t a b i l i t y  techniques." He also r e v r t e d  t h a t  
HN could be s tored  under 95 percent ethyl alcohol a t  a maxinmm temperature of 
30" C f o r  a s  long as 4 months without any "apparent ill effects ."  Sabanejeff 
(26) found weight-loss r a t e s  of 3x1(r3 and 9 ~ 1 0 ~ "  weight-percent per minute 
a t  145O w d  215' C, respectively.  The reason for the la rge  discrepancy among 
the  values  obtained by the various reaearchers is unkno-wn. 

A t  250" C ,  the  tJeight loss va r i ed  l i n e a r l y  with time and 

Kissinger (15) found t h a t  H?l decomposition a t  140" C was "barely 

PHYSICAL PROPERTIES OF MULTIcoMpoNENT SYSTEMS COWTAINING )w 

Density of HN  solutio?^ With Hydrazina and Water 

The density of IIN-hydrazine and EIN-wter solutions at  vardbus tempera- 
t u re s  and HN concentrations was determined using a 2-cm3 pycnameter. 
constant-temperature o i l  b a t h  was used to  maintain the desired temperature 
within k0.4" C. 

A 

Figures 2 and 3 P ~ O W  these r e s u l t s  obtefced by the  Bureau, 
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Regession analysis of these data shows that ti* 
ranging i n  concentzstion from LO to 75 wight-1 merit and in terexature from 
25" t o  1OOO C,  can be adequately describcd by the relatiou, 

T-*?a,itfes of these solutions, 

in which p and ?,, are the densities of the soL.ttica aEd sd-:ent, reapectively, 
st the s e  temperatura, - N is the normality of the r?o;ution, .and a and b are 
regression coeiEicients. 
and 0.332, respectively, and 0.0% and O.Gl.8,  respectiver), :or HN-water 
solutions. 

FOK the H?I-hydrazine so lut fms,  a and b equal 0,027 

Vengo and Kresimky (31) mcaaured tbe densicy o f  tka FM-hy&aciue sotu- 
t ions ,  containing aixmt o,*Lei@t-percent m i l i n e ,  as q ivilctioa sf tempera- 
ture. O f  the two solutions tasted, one contained 17.62 we€gb+-prcent a and 
t'm other contained 29.97 wetght-percect HN. Fiquxc r" iwtudes 3 plot of 
Vango and Krasiwky's results; for cOglpor:scm, t'ie taperatux 
the density of pure hydrazine, taken fro. che w r k  of Clark (3j,and of water, 
taken from &a= ( l a ) ,  - tire zhowr; in figures 2 a d  

dzpendence of 

, rescecttvely. 

Viscosity of FIN So lu th i s  With HyCrazine and W t h  Water 

The Wnemaric viscosity of molten HN and var€ous BB-hydzaaine and 
water eolut+.ons as a function of  temperatre and HM concsntrstion was measured 
with LL Cannon-F-nske viscometer Ln a cons' 3t-tz.pexature bath to raaintairr the 
desired temperature within 20,4O C,  The J d t s  w e  ~ O ~ c r ~ a n  io figures 4 a d  3. 
Viscosity measurements of hydrazine or,- 
Regression analysis of t h e  vissosity data for TBV-bydrazine Golutions gave the 
re la t ion, 

rLilllded €e ffpix:? 4 for coaparison. 

V N 
L O  T lo&, -- = IC S 

the solution n o & ~ i t y ;  K is a regression coeci ic ieat-aqu1 
the case of PN-r.ster eoh~tioas,  r e p a s i o n  analyeis of t-tlr dPta 
expresaion, 

yielded the 

in wh€cli K is 1.25. 
by Vdngo and Kra~?nsky for two IW-hydrazine s o i u t ' c r  using a Canaaa-Zhub 
viscmetar. !Che tempsrature deptdencc of the v b r - ; ~ s l ~ y  of  pure hydrazine, 
t e k n  Erom hnge (16) La ala0 gtvm in figure 4 .  
betwen the BL.rp~.u~esulte and the results obtain4 by Vango arid Krasiarrky 

For comparison, figure 4 show also t;re res~fts obtained 

Geze is 8004 egree?meent 

(31) 0 
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TEhPEf?AlUf3€ ,OK 
FIGURES. - Kinem-tic Viscosity of MN-Wotcr Solutions at Vorious HN Concentrations 

03 Q Function of Tmperotdre. 

shows that the surEace tension can be adeq-uately described by the expression, 

i n  which v and Yo are the surface tensions i n  dynes per ceatbets: of the 
--Jlutfon and solvent, respectively,  at absglute Kelvfn t q r a t u r e s  T and '& , 
respectively; C is the RH ccncentrstim i n  mole-percent; and K; and Ka are 
regression coef f ic ients .  
equal 93.82, 213.58, 0.302, and 0.243, respectively,  and for HN-water solu- 
tions, *{o 

For EN-hydrazine s o l u t i a ~ ~ ~  Yo, G, Kl , and R, 

T,, IC:, and K, equal 92.69, 229.45,  0.220, and 0.248, respectively. 

Thernal Stability 

The thermal stabi l i ty  of BN at  1 atxmsphere pressure in air has been 
s tudfed  by numerous investigators, and there 8ceLpB to  be general agreemnt 
that  the pure material decompres explosively at  about 300" C. b e e n  (25) 
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l o (  

9C 

8c 

FIGURE 6.  - Surtact Tension of HN-Hydrozine 5- tions at Vorious HN Concentrotims 
os o Fmction of Temperahre. 

maswed  the ignition temperature of HN using  the "Bntceton up-and-don" 
method ( S ) ,  - &€ch gate a reproducible 50-percent probability of ignit ion a t  
307' C .  
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1 I I 1 I I I 4 

33c 
TEMPERATURE, O K  

FIGURE 7. - Surfose Tension d HN-Water Solutions ct Various HN Concentrat;ons os J 
Function of Tempercture. 

Additional sxperiments were conducted by the  h r e a u  with l i q u i d  HN t o  
study the  i n i r i a t i o n  D f  detonations in unconfined r ' i lms,  0.25 cm t h i ck ,  by 
means of e l ec t r i ca l - ly  heated Nichrome" vire and open flanres (propane torch). 
These s tud ie s  ind ica te  t h a t  althcugh unconfined t h i n  f i l m s  of molten liN sup- 
pcrt  ccnebustion when Igni ted in a i r  a t  1 atmosphere by either mthod ,  they do 
not detonate. F u r t h e m r e ,  the flame was extiagulshed upon removal of the 
ign i t i on  source. These r e s u l t s  agree with those of Shidlavski i  and coworkers 
[27 ) ,  who could not cause detonation in glass tubes 10, lS, and 20 rmn i n  
dzmete r  using e l e c t r i c a l l y  heated Nichror. w i r e .  To achieve stahle  burning, 
they found t h a t  the addi t ion  of about lG weight -Frcent  of putaasium Cichro- 
mat2 to the  hydrazine nitrate was necessary. 
t h a t  a tamped s t r and  of Hh' (density 0.95 g / c d )  conta in ing2  wetghtTwrcent 
magnesium oxide burnec stably in a i r  a t  1 atmosphere a t  a ra te  of 0.04 cm/sec, 
b u t  B similar strand of pure HN d id  n o t  burn. 

"ference t o  specific t rade  names i n  t h i s  report i o  made for i d e n t i f i c a t i o n  

Levy and coworkers (18) found 

only and does not imply endorsellent by the  Bureau of Mines. 



Iktonat  ion Veloci tv Measurenrents 

r 

Cf t ,  
cm -im 
5.025 

.33c 

5.025 
( 3, 

c 2  1 

Tho de tona t im ve loc i ty  of Pol ten  HN a t  75" C was determined by the 
Bureau i n  thin-f i ln;  experiments to be 8,530 m/sec. (See t ab l e  2. )  Price and 
c o u o r k r s  (22') reported a detonation ve loc i ty  of 8,510 misec a t  a density cf 
1.59 g / c d  Zr c 6.3-cm-diameter charge af pressed HN. k d a r d  (101, using 3 
30-mdiamter by 170-CUI-long pressed-HN charge,  f o m d  t h a t  t he  =xinun deto- 
alation ve loc i ty  occurred  a t  s. densi ty  of 1.3 g/cn?. Moreover, Price ani 
coworkers es tabl ished t h a t  such =xi- are l i k e l y  t o  =cur  f o r  explosives 
for which t3e c r i t i c a l  diameters5 iucreases with density. The r e s u l t s  of 
these invest igat ions a re  sham i n  f igure 8. Frum these results i t  was COP- 

cluded that the c r i t i ca l  dianetor of HN incr rases  with increasing packing 
density.  
t i o n  ve loc i ty ,  V :  for Hh' i n  ueters per second can be expressed as 

Price and ccwrkers found t h a t  the i n f i n i t e  charge diameter detona- 

. 076 , (3! 

V = 5,390 9HM -100, 

w t  pct 
100 8,500 

85 7,dOQ 
7 5  (2 1 
65 ( 31 
50 8,600 
60 8,200 

7,80C 40 
20 I 3 

in which PH?I is the density of EIN i n  grams per cubic centimeter.  niche1 and 
coworkers (20 )  cmputed a Chapman-Jouguet detonation ve loc i ty  of 5,840 m/sec  
for 8 d e n s i G  of 1.0 g/cm3; haever,  the expression found by Price and 
coworkers gives a value of 5,290 m/sec. 

Cft J V e l o c i t y  , 
c m  m/sec 

0,127 i ,409 . 305 2,400 
(2 1 2,100 
W 
-076 1,800 
.076 (2 1 
.254 2,200 
3. 3 

TABLE 2. - Detonation velocities and cr i t icel  film tbickriessss [cft) 
of both low-velocity and high-velocity cieeonations of 

molten HN, HN-water, and HN-hydrazine solutions 
a t  75" C 

'3.025 cm represents the 
Not observed. a 

"NO propagation. 

TNT Equivalence 

Among the methods used  for  t e s t i n g  tho s t rzngth of explasivee is the 
b a l l i s t i c  mortar tes t  (30). - I n  t h i s  method a known charge of explosive is 
placed +; a swinging Morrar, f i t t e d  with a projectile, and exrloded with a 
detonation thy. The verticel l i f t  of thc mrtar due t o  t h i s  explosion is 

'The c r i t i c a l  diameter fs the minim:-, cherge dialteter at which propagetian of 
- 

a s t a3 le  det,  w t i o n  is possible. 



11 

I -7-r ! I7 
KEY 

o 1.62 Price(22) 
0 6 35 Price (22) 

Charqe diam (cm) 

0.4 0.6 0.8 1.0 I 2  1.6 

PACKING DENSIP/, g/m3 

FlCURE 8. - Detonation Velocity of Pressed HN os o Fcmction of Density for Various 
Chorge Diameters. 
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:e..sursd i n  inches. Th? v e r t i c a l  l i f t  r e l a t i v e  to  tha t  of TNT is  known a s  the 
3T eq-i:ivalence of the explosive. The b a l l i s t i c  nor ta r  is capable of quickly 
5 tL-ding those mater ia ls  t ha t  exhib i t  exothzrmic react ions with rzac t ion  r a t e s  
g r e a t e r  than about 0.1 second. In  Bureau experiments, the Thi  equivalence of 
M m s  l & 2  compared to granular ThT. 

Impact S e n s i t i v i t y  

Impact s e n s i t i v i t y  tests, using the "Brucetoa up-and-dow method (zj , 

In 
gave values for 50-percent probabi l i ty  f o r  i gn i t i on  of 175 kg-cm f o r  the cup 
and plunger and 50 kg-cm f o r  the ERL type 12  too l  tes t  (10) procedures. 
s imi la r  experiments, Smith and Walton (28) reported a value of 32 kg-cm f o r  a 
50-percent probabi l i ty  for the ERL type 12 tool. Medard (19) - obtained values 
of 200 t o  250 kg-cm. 

EXPLOSlW C€iAMCTERISTICS OF SYSTEMS CONTAINING KN 

- Detonation Velocity of PJdydraz ine  and HN-Water Solutions 

Both the thin-fi lm detonation :*elocity and the  cri t ical  f i im thickness- 
were determined by measuring the ve loc i ty  of the detonat5o;l as i t  t raveled 
through a wedge of the so lu t ion  and by observing the f i lm t h k k n e s s  a t  which 
the detonation was extinguished. The experimental sppazatus (?3) consisted of 
an open, plast ic  wall  t r ay ,  uitn a 1.25-cm steel base, incl ined a t  a s l i g h t  
angle so t h a t  the contained Liquid formed a wedge, the thickness of which var. 
ies from one-quarter inch t o  zerc.  The i n i t € a t i n g  charge consisted of a 
20-gram t e t r y l  p e l l e t  formed f r o m  two p i l l s ,  each 4.1 cm i n  diameter and 1.3 
cm thick. 
thick Plexiglas container w a l l .  The r e s u l t s  revealed the occurrence of both 
a high- and a law-velocity detonation. 
8,500 m/sec) s t a r t e d  near the i n i t i a t i n g  explosivr: aad converted t o  a law- 
ve loc i ty  detonation (1,400 to  2,400 m/sec) when the  f i lm  reached the c r i t i c a l  
thickness for the  high-velocit;v detcnation. Table 2 presents a sumnary of 
these r e su l t s .  

The i n i t i a t i n g  charge was separated from the l iqu id  by the  C.08-cm- 

The high-velocity detonation (7,600 t o  

For comparison, the range of detonable compcsitions of the  ternarv system, 
HN-hydrazine-water, a s  determined by Dwiggins and L a r r i c k  (7), is  pre ;ented in 
f igure  9. Their apparatus consis ted of 8 7.5-cm-long brass-pipe with a 2.5-cm 
inside diameter and a 4.1-cm outs ide diameter and with a 1 - m i l  
soidered over one m d .  
diameter, was used t o  i n i t i a t e  the t e s t  solution. A steel witn-s p l a t e ,  10 
by 10 cm, by 0.95 cm thick, was used t o  ind ica te  a detonation. In t he  
Fureau's work, t he  thin-fi lrc binary HN so lu t ions  which were detonated f e l l  
within the  "detonable" region of the ternary t r i m g l e  of f igure  9. S i n i i a r l y ,  
Bureau data  a l so  showed t h a t  HN solut ions whicn did not detonate were outs ide 
t h e  "wtonable ' '  region. Dwiggins and Larwicb (7 )  showed t h a t  HN-hydraziae 
solut ions ccnzaining leas than 25 percent by weTght HN, HN-water solut ions 
contair.ing less than 70 percent by weight HN: and ternary HN-hydrazine-water 
solut ions containing  ore than 55 percent b y  weight of water were not deton- 
able under t h e i r  experimental conditions.  

conper fo€l 
A 50-gram t e t r y l  p e l l e t ,  2.5 c m  long and 4. - cm i n  
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FIGURE 9. - Qetonnble Compositions of the Ternory System, HN-Hydrctxine-Water. 

Compatibil i ty Studies of HN With Various Materials 

Compatibil i ty s tud ies  of HN w i t h  various h u e r g o l f c  proDellants shoJed 
t h a t  c r y s t a l l i n e  HN .and l i qu id  nttrogen tetroxAde react vigorously on contact.  
Moreover, a differential-scanning-calorimeter study of a frozen mixture con- 
ta ining equal propertions by volume of M and nitrogen t e t roxide  initially a t  
-100' C showed t ha t  such mixtures r eac t  exothermically when the temperature is 
raised to -40" C. Thfs is a s i g n i f t c a a t l y  lower temperature thai the melting 
point of nitrogen te t roxide,  -11.2' C. 

Another expc?riment w a s  made to 2eternine i f  the  hypergolic reac t ion  t h a t  
r e s u l t s  when HN ccrit&Lts with nitrogen t e t roxide  would be capable of i n i t i a t -  
ing a cetsnat ion i n  the HN. 
forc ib ly  injected under t he  surface of 200 cn? of molten HN contained i n  glaus 
vesGels; similar experiments were p e r f o m d  with detonable HN-hydrazine and 

In t h i s  study, i iqu id  nitrogen te t roxide  was 
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HN-Aerozine-50 solutions.  Although consLderable reac t ion  was evident,  none of 
the react ions approached an explasion. 

Sabanejeff (26) repcrted t h a t  reacted with concentrated s u l f u r i c  acid 
wi th  a vio len t  e v z u t i o n  of n i t r i c  oxide. 
took place,  but i t  set  i n  a t  once i f  the mi:*ture was removec f r o  t h e  cooling 
medium. 
zoic acid. '*en HN was m&ed with phosphorus pentachloride,  p a r t i c u l a r l y  i f  
the two compounds were rubbed together,  def lagra t ion  occurred with formation 
of hydrazine dichloride.  

A t  -15" C t h i s  r eac t ion  no longer 

Sulfur ic  acid I4P' decomposed HN up09 heatirrg, with evolution of hydra- 

Extensive compatibi l i ty  s tud ies  have been conducted on MN by many inves- 
t iga tors .  Medard (19j found t h a t  weakly n i t r a t e d  explosives could be appre- 
c i ab ly  sens i t ized  b F a  small amount of HN. 
detonation occurred 40 percent of the time i f  cobal t  cubes were dropped in to  
molten HN and 2G percent of the t i m e  i f  nickel cubes were used. Similar  
experiments conducted i n  t h i s  iuves t iga t ion  with hezted molybden*sn chips and 
molten HN showed no evidence of a v io l en t  reaction. Hodgkinson a t t r i b u t e s  the  
reac t ion  t o  the  formation of a small  amci-.int of metal azgde on the m t a i  cubes, 
which explosively decomposes and detonate6 the rewining HN, 

Hodgkinson (16) reported t h a t  

Lee (L7) and Dwiggina and Larr ick (7) invest igated the  relative cornpati- 
b i l i t y  of the t e r i a r y  HN-hydrazine-water system with various construct ion mate- 
r i a l s .  They found, for example, t ha t  polyethylene, polystyrene,  Teflon, nylon, 
t i tanium, and tan?alut8 showed no evidence o€ being i n c q a t i b l e  with '&e ter- 
nary system. 

Since t!he B c r y s t a l l i n e  form of tiN is unstable,  this inves t iga t ion  
resu l ted  i n  addi t ional  information only on the a c r y s t a l l i n e  form of HE. 
h a t  of conversion from the E t o  the  a form i s  2.0 kcal/mole, and no addi- 
t i ona l  phase changes occur i n  the fl form from =70° C t o  its melting point at  
about 70" C. A s  an addt t iona l  a i d  for i & a t i f i c a t i o n ,  t he  inf ra red  and X-ray 
spectra  of HN were obtained. HN weight-lose r a t e s  were measured a t  elevated 
temperatures. 

The 

*.e dens i t i e s  f o r  given concentrations of HN in e i t h e r  hyd azine or water 
are s a t i s f a c t a r i l y  represented by the equat€on P = Po + aN + b & . SimLZarly, 
the expressions describing the kinematic v i scos i ty  as a f c c t i o ;  of absolute 

V Y 
temperature and HN concentration i n  hydrazine aad water a r e  

and log:, - = K -, respectively.  The surface tensions of molten HN and var- 
ious HN-hydrazine and HN-water so lu t ions  a t  elevated temperatures were a d s -  
ured and found t o  be s a t i s f a c t o r i l y  represented by the expression, 

logl, vo - = K T  
1' $ 
V G  T 

Y = Yo f (K1 C-K;!) (T-To ) 

HN was found to  decompose explosively a t  about 300' C. The detonetion 
ve loc i ty  €or a pure HN film was faund t o  be 8,500 m/sec, which agrees with the 
values obtained by o ther  inves t iga tors  for  cy l ind r i ca l  charges. The ba l l . s t l c  



mortar showed a TNT equivalence of 142 fo r  HN. Impact s e n s i t i v i t y  t e s t s  gave 
50-percent probabi l i ty  fo r  i gn i t i on  a t  drnp-weight he ights  of 175 kg-cm, 50 
kg-cm fo r  cup and plunger, and 10 kg-cm for ERL type 12 tool test procedures, 

Thin-film detonation s tudies  have shown t ha t  molten HN, o r  HN-hydrazine 
and HN-water solutioxis having HN concentrations of a t  l e a s t  40 and 75 percent,  
res?ect ively,  exhib i t  s t a b l e  detonations; HN-hydrazine znd HN-water so lu t ions  
containing 20 and 65 weight percent HN or less, respect ively,  do not support 
s t ab le  de ton 3 t ions. 

HN, HN-hydrazine, and HlLAerozine-5il solt i t ions were found t o  b e  incompat- 
i b l e  with nitrogen te t roxide;  although considerable r eac t i cn  was evident,  none 
of the react ions approached an explosive magnitude. Other i n v e s t i g a t x s  have 
reported detonative reac t ions  of HN w i t h ,  f o r  example, cobal t  and nickel. in 
s imi la r  experiments, the Bureau found no violent r eac t ion  when heated molyb- 
denum chips were dropped i n t o  molten HN. 
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XPPEXDXX.--SVXWIY GF PRGPERTIES OF H;. 

%is appendix presents the work i;f crt5;er investigator5 m €iK acd mlti- 
cmponent sjrstens coritaining HN that was not cited w i t h  the Sureau work 
DecAssc ef its iadirect relatiomhip. 

Table A - l  SlmsEnrizes the physical  properties of EX obta in4  by various 
investigators. Similarly, table A-2 lists the cucbuscion characteristics of 
H=?i ana ol" an HX-hydraziae solutim obtained b y  other researchers. 

figures A-1, A-2 ,  A-3, a d  A-Q present the data of Izvestigators regard- 
ing $iysical Frqert ies  of systems contaking 23. Figure A-1 sbows the heat 
of s3:uticn of €I!! (8)' 5 2  water-hydrazine systems for different coqositions 
of tke three compo&lcs. 
€&-hydrazine sol'-ltions (311. -' Figure A-3 shuvs the liquidus isotherms €or the 
ternary system HN Eydratifi+=uarer ts), and figure A-4 gives the l i q u i h s  Lice 
for the biaary system HN-mmnniurc n i trate  Q>. 

Figtire A-2 giv2s the vapur pressure for two 

_1 

'Underlinzci m&9r8 in parentheses refer to it-- in the l i6t of rcferences 
preceding the appendix. 
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Property Description o r  value 
Crystal mor?hology data: 

Crystal system..... ....... Kcmocl %nic 
Form and h a b i t . , . . . .  ...... Tablets a d  rods 
Axial r a t i o , . . . . . . . . . . . . . .  a: b: c 4 .  957: 1 :0.452 
LnterfacLal angle (polar). 88" 26 
Crystal angle. I 90" ............ 

'XB'LE A-1. - Physical properties of IX and mu! ticznponca* - - -I-- systems 
containiaq 324 - 

Reference 

Robinsou (25). 
DO. 
Do, 
DO, 
DO- 

X-ray d i f  fraccioc data: 
C e l l  dhens ions .  .......... 
ForPula vefghts per cell . .  
Formla weight ............ 
DensiS)T.. ................. 

Optical properties: 
Refractive indices 

( 5 , 8 9 3 ;  25" C) : 
e o . . .  ................... 
a.....r..~..r....~..,..* 

@tic axial angles 
(5,8931; 250 c): ~.......--............ . 
2e.*...-.. .............. 

Dispersiou.. .............. 
Sign of double refractlo2, 
Molecular refraction (R) 

(5,893; 25" C): 
3&. ................... 
R (calcd). .............. 
R (obsd). ............... 

Neltfng points: 
fi fom....*............... 

a form.. ................... 
Heat of formation....... .... 

11.23A by 11.73A by 5.17A 
8 
35.06 
1,661 g/cm3 

1.458 5 0.003 
1.605 2 Q.004 
1.620 f 0.005 

33" 
54O 
r X  
Xegat ive 

1' 559 
19.6 
18.4 

62.5O C 
62.G9" C 
70.5O C 
70.70° C 
59.8 kcal/Pwrle 
50.9 ::cal?mole 

Do. 
DO. 
Do - 
Da. 

Do. 
Do. 
Do. 

D@, 
Do. 
Do . 
DO. 

30. 
Do. 
Do . 
DO. 

SCm8DeP (29). 
2obinson (24). 
Saaslner (29). 
Shidluvskii (?7). 
Elvermu (9 ) .  - 

Beat of scrlutlori: 
Watet..c..........t......~ 

Extrapolated value, ..... 
Hydr ar: f ne (extrapolated 

-8.72 kcal /wle  
-9.3 kcaI/mole 

Bright (2).  
Elverum 7 9 ) .  - 
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De scr i p  t ion 
or value 

303" c 

k& ;r, N@ +& 
- 2N0 * 13H;.o 

A-2. 

Couznent 
- 

Obtai3zd frm 
bonfire tests.  
Gas analysis i n  

an evacuated 
vesszl a t  

x l c s i o n  characteristics of I!! acd nulticomponeut 
systems contalning LY - 

of Aeruwax B 
cast to des ired 
Lhfckness. 

Character z'.s t ic 

Ignitior taperature.. . . 
Dec-=position process. . . 

CarL dap scnsit ivi iy . .  . . 

Brisance. . A.. . . . . . -. . . . . 
Flame temperature. =. . . . . 
Ternary solution sensi- 

t i v i t y  tc projectile 
impact .  

82 

Detonated when 
2,600" c 

impacted b y  high- 
explosive incen- 
diary projectile. 

Zast TNT=lOO.. . . . 
Seth 20-nm incen- 
diary and 20-ma 
ii i gh-erq 10s ive 
incendiary pro- 
j ec t i l e s  were 
impacted. Only 
the second ini- 
tiated the 
ternary 
HN-hydrazirie- 
water system. 

- 

fief erence 

Glatts (z). 
Hodgkinson (14). - 

Eyster (11) .  - 

Ribovich (25). 
Uedard (19c 
Glattz (5). - 
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FIGURE A-I. Hwts of Sclutim of HN 
ond Water in Hydrazine. 
Fmm Elverurn i&). 

FIGURE A-3. - bopor Pressure for Water, Hydxzine, 
mci Two WN-Hydratine Solutions. 
From Vmgo (31). 

c 
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FIGURE A-2. - Three Component Liquidus 
lsothenns for the Ternary 
Sy siem HN-Hydrorine-Worw. 
From b r c o r c m  (9). 

FIGURE A-4. - Liquidus Line for tfie Binary 
System HN-Am;noniurn Nitrate. 
From Elorlot (1). 


